This contribution describes, compares, and analyses two structures and their operating modes dedicated to renewable energy production from photovoltaic (PV) sources. Between the two different technical approaches, photovoltaic sources placed in a distributed architecture supplying a high DC voltage HVDC bus points large advantages. Thus, after preliminary comparison of both solutions and concluding phases, this efficient solution finally constitutes the main original analysis presented in this contribution. The distributed PV structure is investigated, implemented and simulated in an original way under the OrCAD/Pspice software environment. The adaptation stage for maximum power transfer is modelled in detail. A method to calculate the optimal duty cycle for optimal use of PV panels power is proposed, tested and validated by the use of a marketed PV module datasheet.
Introduction
Basic photovoltaic (PV) generator (PVG) consists of modules connected in series or in parallel, and a load (continuous load or battery), which uses the produced energy, directly or via an energy transfer by a grid as represented in Fig. 1 .
Currently, in such system, the load imposes the operating point and the load current is highly dependent on the intensity of illumination for a given temperature and the value, the nature resistive, inductive or capacitive of the load. Fig. 2 presents several operating points imposed by different resistor-loads in both current-voltage (I-V) and power-voltage (P-V) characteristics. The simulation is made for a given illumination and temperature using the technical characteristics extracted from the panel datasheet of the commercial solar module ESM80S-125, having a Available online at www.sciencedirect.com maximum peak power of 80Wc within a voltage of 17.6V and current of 4.55 A at the maximum power point (MPP). In Ref. [1] , P. Petit et al. have suggested the use of dedicated converters fed by a distributed photovoltaic architecture connected to HVDC bus, allowing the smart grid approach. Thus, in Ref. [2] , same authors have presented new individual DC/HVDC converters dedicated to renewable sources with output voltages in the range 200 Volts up to 1 kVolts adapted to their connection on a common distributed bus. These converters are based on a magnetically coupled boost with a recovery stage allowing a high conversion ratio, a low voltage on the switch, a recovery of the energy losses in the leakage inductors and finally a high conversion efficiency even when HVDC is concerned by the output. Unfortunately, the classical modeling of PV systems under various software environments, models are often limited to PV voltages below 200 Volts. For PV panel modeling, mathematical simulations are generally based on current-voltage relationships deduced from the well known single diode model [3, 5] , and the five parameters of this model are widely discussed, as example in Refs. [6, 7] . In addition, some authors developed circuit-based piecewise linear PV device model for electronic simulation software after simulations of the current voltage relationship of the single diode model, done under EMTDC/PSCAD environment [8] .
Finally, we note that a new model, named DRM was developed to take into account the reverse mode biasing of PV cells [9, 10] . The most popular models in literature are made to produce behavior of module and are not able to that for high voltage PV panels' configuration. For all these reasons, designers need a reliable and flexible tool for In the present contribution, we develop an original method allowing the calculation of an optimal duty cycle of the switch of the converter in order to control stage adaptation according to PV generator impedance and load impedance. Within original implementation under Orcad/Pspice software environment, the value of the calculate duty cycle of the switch is optimized for a system PVG-Boost-Load and results are faced with the functioning characteristics of a commercial system.
Studied PV system to supply PV-HVDC bus
In order to extract maximum power from a PVG at given environmental conditions, PVG should always operate at its maximum power point, MPP as represented in Fig. 2 . This MPP can be reached by inserting an impedance adaptation stage. In our case, the adapting stage is a DC-HVDC boost converter, Fig. 3 , which fulfills the distributed architecture of the HVDC PV bus. In Fig. 3 , the load R ch represents the HVDC bus. 
Boost in continuous conduction-operating mode (CCM)
The boost operates in CCM operating mode when current through the inductor L cannot be canceled. In this operating mode with the presence of Ce and Cs capacitors, Fig. 4 shows the control signal shape, output voltage Vs(t), inductor current IL(t) , drain MOSFET current ID(t) and voltage across inductor terminals VL(t).
When operating, the average voltage V Lmoy across the inductance must be zero; so according to the areas law we can write:
Where 0 ≤ α ≤ 1 is the duty cycle of the control signal. We can easily deduce that: Eq. 2 illustrates that this ratio is constant for a given duty cycle. This is the CCM operating mode. Ones filtered by Cs capacitor, the output voltage presents ripples. During the switch off time, , we can write: (4) and the ripple current in the inductor is then : During switching-off period, the capacitor C S discharges through the load R ch while the diode is off. By else, the switch being HF controlled, the discharge phase of the capacitor is more rapid yielding to a current I Cs quasiconstant. Since the variation of V s is linear, the ripple voltage can be written as:
Where T is the switching period, f the switching frequency, V S0 is the initial value of the output voltage and α the duty cycle. Therefore, for a fixed value of a ripple output voltage, capacitor value is sized by: In Refs. [6, 7] authors have analyze the input ripple considering that the current delivered by the generator is almost constant (current source). In our case, this assumption is quite rigorous as the PV generator is not linear. The current I pv may be subject to ripples due to voltage fluctuations of V pv . These current undulations can be minimized by a judicous choice of the Ce capacitor. As part of our simulations, the current through Ce capacitor is given by (10) In Fig. 6 , we report the inductor current shape and from Eq. 7, we deduce the shape of the capacitor current. The ripple voltage is derived from the differential equation governing voltage and current in the capacitor. We can write:
Where V PVo is the initial value of the PV voltage. 
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T Integration of Eq. 12 on a half period (see Fig. 6 ), allows us to evaluate the ripple of the input voltage. This integral is equal to the area of the hatched triangle in figure 06 [8] : (12) At fixed ripple output voltage, the value of the input capacitor is (13)
Impedance adaptation conditions for optimal duty evaluation
According to Eqs. 1 and 2 in CCM mode, we can deduce the expression of the resistor R pv at the output of PV panel as In the case of the marketed PV panel ESM80S-125, at 25°C and when solar illumination varies from 100 to 1000 W/m², the PV panel optimal resistor varies from 51.6 Ω to 3.8 Ω respectively. Therefore, Rch, load resistor must be greater than these values function of the environmental conditions. By analyzing Eq. 14 and acting that the duty cycle assume the impedance adaptation allowing maximum power transfer, thus, under NTC and for a given load resistor R ch , the optimum value R opt for R PV corresponding to an optimal duty cycle value α opt should obey to the relationship: 
Simulations and results
Simulations were performed under Orcad/Pspice software environment. Fig. 7 shows the studied system implemented under Orcad. Simulations were performed under a constant illumination of 1000W/m², a constant temperature of 25°C. The load connected to the boost is a resistive load Rch = 50Ω. In these conditions, a maximum duty cycle α = 0.7226 is calculated according to equation 20. The temporal analysis allowed us to obtain the typical results of power, voltage and current in both boost input and output. Simulation results are presented in figures 08, 09 and 10. After a transient regime of 35 ms at the beginning of the conversion, the steady state is reached. The voltage stabilizes at the values of 17.5V in the boost input and 61V at its output. this refers to the boost function. By the presence of Cs the filtering capacitor, the output voltage stabilizes around the average values of 17.5 V and 61 V. In the steady state, the current is stabilized at the values of 4.65A in the boost input and 1.22A output according to the above equations. The input power (output) is stabilized at 80W (75W). In this case, the efficiency of the boost converter is about of 93.75%. Losses of power (5W) (or 6.25%) are assigned largely to conduction and switching losses in the MOS transistor, by conduction losses in the freewheel diode and magnetic losses in the inductor.
Conclusion
The charge adaptation between load and boost converter is a necessary condition for optimal and efficient use of PVs generators (PVG). The boost is a static converter, which accomplishes stage adaptation and allows with a good sizing an increase in voltage at a desired nominal level. The nominal voltage levels expected for the HVDC bus determine the sizing of the different boost components (inductors and capacitors). This method presented in this contribution allows calculating the optimal duty of any marketed PV panel. An original implementation under Orcad/Pspice software environment of a renewable energy generator constituted by PV panels and DC-HVDC boost adapted for providing electrical power to a load is described. Simulations results are within a good agreement with those indicated in the datasheet of the PV panel. The original method applied in the current study point out his efficiency to obtain an easy optimization of the duty cycle allowing an optimal power extraction from PV generator. allowing an evaluation of the total power losses that occur in a renewable energy generator based on a distributed photovoltaic architecture for HVDC-bus.
